
2021 HOUSE ENERGY AND NATURAL RESOURCES 

HB 1401



2021 HOUSE STANDING COMMITTEE MINUTES 

Energy and Natural Resources Committee 
Coteau AB Room, State Capitol 

HB 1401  AM 
1/28/2021 

 
Relating to monitoring and regulation of special waste in ground water and to provide a 
penalty 

 
 
9:00 AM 
 
Present: Representatives Porter, Damschen, Anderson, Bosch, Devlin, Heinert, Keiser, 
Lefor, Marschall, Roers Jones, Guggisburg, M Ruby, Zubke, and Ista.  
 
 
Discussion Topics: 

• Brown zones, dead farmland, underground water 
• Waste pits and contamination 
• Ground water protection 
• Canadian remedy 
• Monitoring update 
• Fiscal note 
• Legacy wells jurisdiction 
• Oil and Gas Division 
• Water sampling and testing 

 
#3990, #3991, #3992, #3993, #3994 Rep M Nelson 
#3970 Troy Coons, chairman NW Landowners Association 
#3888 Chuck Hyatt, director- Division of Waste Mgmt- Dept of Environmental Quality 
 
 
Additional written testimony: 
#3996, #4656 
 
 
10:05 AM 
 
Leaving the hearing open and Lynn Helms will come down and speak to the committee. 
 
 
Kathleen Davis, Committee Clerk 
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Representative Todd Porter, Chairman. 

HB1401 is to have the Environmental Division develop monitoring of special waste.  That's what oilfield 

waste is called because by law it isn't hazardous waste.  Develop standards for ground water and special 

waste, and if found, to develop plans about what to do to prevent contamination. 

Emphasis would be on the legacy of the saltwater leaching pits used not so many years ago.  For a long 

time they were unlined.  Then there was a period where liners were required, but when they were no 

longer going to be used, many had what is called spidering done.  That is taking a backhoe and digging 

trenches out from the pit to quickly leach the waste into the surrounding land.  Much like a septic 

drainfield. 

There they sit.  Creating a brown zone of dead farmland.  Clearly they are contaminating the shallow 

diffuse water but what are they doing to deeper water  What are they doing to drinking water, to stock 

water, and to wetlands?  We really don't know. 

So the first part of any problem is finding out if there is a problem, then measuring the problem and 

then we could proceed with mitigation or cleanup. 

Traditional ways of delineation are slow, expensive and very limited in scope. 

I would say that I think it can be done quickest and most accurately if we start with electromagnetic 

machines that show salts through their high conductivity. 

The USGS has done some of this using helicopter flown EM machines.  They've used a frequency domain 

machine that can read to about 200 feet.  The Sheridan County, Montana USGS study was done partly 

that way.  They originally used it to trace contamination of home water wells that came from a long 

ways away.  Movement of a half mile is pretty common. 

There is also the EM31 for ground that does a one dimensional image for 20 feet or so depending on 

conductivity.  After that an ohmmapper could be used to provide a three dimensional image of the 

contamination to approximately 30 foot depth. 

Where contamination goes still deeper time domain machines can go to hundreds if not thousands of 

feet.  The technology is much quicker and lower cost than drilling wells and testing water. 

The online testimony has a copy of a presentation by Ed Murphy, state geologist about the various 

studies that have been done.  For those of you who haven't already seen it, it's a very good self-

explanatory presentation. 
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There is also a USGS study of about 30 wetlands where they predict how long under natural conditions it 

would take them to return to pre oil conditions.  Acute toxicity from 2045 to 2113, chronic from 2069 to 

2160 and background from 2126 to 2275.  That assuming no continuing contamination and that surface 

wetlands that occasionally flush. 

Now let's take a look from above 
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2016 Murphy 

Trees gone, saline area greatly expanded.  Can see gathering pipeline locations. 
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1995 Renville 

Before oil development.  After pits were used. 
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2021 Renville 

Salts showing, pipelines.  Problems aren't limited to pits. 
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Wyoming-Montana Water Science Center

Delineation of Brine Contamination in and
near the East Poplar Oil Field, Fort Peck
Indian Reservation, Northeastern Montana
Brine is a byproduct of crude oil production. Handling and
disposal of brine during the last 50 years in the East Poplar oil
field has resulted in contamination of not only the shallow
Quaternary aquifers, but also the Poplar River. Previous
investigations have documented and partially delineated the
extent of brine contamination in the East Poplar oil field during the
early 1990s. In the 10 years since the last USGS study ended,
the extent of contamination has changed and may have grown
larger. Brine-plume migration is toward the nearby City of Poplar,
which, at present, relies on the shallow Quaternary aquifers as its
sole source of water.

 

Status - Active

Contacts

Joanna Thamke
Associate Center
Director for Studies 
Wyoming-Montana
Water Science Center 
Email:
jothamke@usgs.gov 
Phone: 406-457-5923

Explore More
Science:
East Poplar
energy development
Brine
Montana
Streamflow and
Groundwater Availability
Water Quality
Characterizing
Groundwater
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https://www.usgs.gov/centers/wy-mt-water
https://www.usgs.gov/centers/wy-mt-water/science/delineation-brine-contamination-and-near-east-poplar-oil-field-fort-peck?qt-science_center_objects=0
https://www.usgs.gov/staff-profiles/joanna-thamke
mailto:jothamke@usgs.gov
https://www.usgs.gov/science-explorer-results?es=East%20Poplar
https://www.usgs.gov/science-explorer-results?es=energy%20development
https://www.usgs.gov/science-explorer-results?es=Brine
https://www.usgs.gov/science-explorer-results?es=Montana
https://www.usgs.gov/science-explorer-results?es=Streamflow%20and%20Groundwater%20Availability
https://www.usgs.gov/science-explorer-results?es=Water%20Quality
https://www.usgs.gov/science-explorer-results?es=Characterizing%20Groundwater


Below are other science projects associated with this project.

 

The objective of this project is to more fully delineate brine contamination in shallow
aquifers in and near the East Poplar oil field. The project area includes the entire
East Poplar oil field, much of the Northwest Poplar oil field and the City of
Poplar. Results of the study are detailed in Thamke and Smith, 2014.

Water Used for Energy
Development
Water-Quality Samples
Energy Development
and Hydrology
Water

Date published: DECEMBER 10, 2018
Status: Active

Science Team about Energy and Plains and Potholes Environments
(STEPPE)
Brine Contamination to Plains and Potholes Environments from Energy Development in
the Williston Basin

Contacts: Joanna Thamke, Brian Tangen, Robert Gleason, Bruce D Smith, Todd Preston,
Max Post van der Burg, Seth Haines, Aida Farag, Ph.D., Dave Harper
Attribution: Ecosystems, Water Resources, Fisheries Program, Region 5: Missouri Basin,
Geology, Geophysics, and Geochemistry Science Center, Northern Prairie Wildlife

https://www.usgs.gov/media/images/east-poplar-study-area-map
https://pubs.usgs.gov/sir/2014/5024/
https://www.usgs.gov/science-explorer-results?es=Water%20Used%20for%20Energy%20Development
https://www.usgs.gov/science-explorer-results?es=Water-Quality%20Samples
https://www.usgs.gov/science-explorer-results?es=Energy%20Development%20and%20Hydrology
https://www.usgs.gov/science-explorer-results?es=Water
https://www.usgs.gov/centers/wy-mt-water/science/science-team-about-energy-and-plains-and-potholes-environments-steppe
https://www.usgs.gov/centers/wy-mt-water/science/science-team-about-energy-and-plains-and-potholes-environments-steppe
https://www.usgs.gov/staff-profiles/joanna-thamke
https://www.usgs.gov/staff-profiles/brian-tangen
https://www.usgs.gov/staff-profiles/robert-gleason
https://www.usgs.gov/staff-profiles/bruce-d-smith
https://www.usgs.gov/staff-profiles/todd-preston
https://www.usgs.gov/staff-profiles/max-post-van-der-burg
https://www.usgs.gov/staff-profiles/seth-haines
https://www.usgs.gov/staff-profiles/aida-farag
https://www.usgs.gov/staff-profiles/dave-harper
https://www.usgs.gov/mission-areas/ecosystems
https://www.usgs.gov/mission-areas/water-resources
https://www.usgs.gov/ecosystems/fisheries-program
https://www.usgs.gov/unified-interior-regions/region-5
https://www.usgs.gov/centers/gggsc
https://www.usgs.gov/centers/npwrc


Below are publications associated with this project.

Research Center, Northern Rocky Mountain Science Center, Wyoming-Montana Water
Science Center

Year Published: 2017

Characterization and origin of brines from the Bakken-Three Forks
petroleum system in the Williston Basin, USA
Brine (also referred to as ‘produced water’) samples were collected from 28 wells
producing oil from the Late Devonian-Early Mississippian Bakken and Three Forks
Formations in the Williston Basin of eastern Montana and western North Dakota. The
samples were analyzed for major ions, trace metals, stable isotopes, and strontium
isotopes. The brines...

Peterman, Zell; Thamke, Joanna N.; Futa, Kiyoto; Oliver, Thomas A.
Attribution: Central Energy Resources Science Center, Energy Resources Program,
Region 7: Upper Colorado Basin
View Citation 

Year Published: 2016

Chemical and isotopic changes in Williston Basin brines during long-
term oil production: An example from the Poplar dome, Montana
Brine samples were collected from 30 conventional oil wells producing mostly from the
Charles Formation of the Madison Group in the East and Northwest Poplar oil fields on the
Fort Peck Indian Reservation, Montana. Dissolved concentrations of major ions, trace
metals, Sr isotopes, and stable isotopes (oxygen and hydrogen) were analyzed to
compare...

Peterman, Zell; Thamke, Joanna N.
Attribution: Central Energy Resources Science Center, Energy Resources Program,
Region 7: Upper Colorado Basin

Year Published: 2014

Delineation of brine contamination in and near the East Poplar oil field,
Fort Peck Indian Reservation, northeastern Montana, 2004-09
The extent of brine contamination in the shallow aquifers in and near the East Poplar oil
field is as much as 17.9 square miles and appears to be present throughout the entire
saturated zone in contaminated areas. The brine contamination affects 15–37 billion
gallons of groundwater. Brine contamination in the shallow aquifers east of the Poplar...

https://www.usgs.gov/centers/npwrc
https://www.usgs.gov/centers/norock
https://www.usgs.gov/centers/wy-mt-water
https://pubs.er.usgs.gov/publication/70190270
http://pubs.er.usgs.gov/publication/70190270
https://www.usgs.gov/centers/cersc
https://www.usgs.gov/energy-and-minerals/energy-resources-program
https://www.usgs.gov/unified-interior-regions/region-7
https://pubs.er.usgs.gov/publication/70178628
http://pubs.er.usgs.gov/publication/70178628
https://www.usgs.gov/centers/cersc
https://www.usgs.gov/energy-and-minerals/energy-resources-program
https://www.usgs.gov/unified-interior-regions/region-7
https://pubs.er.usgs.gov/publication/sir20145024
http://pubs.er.usgs.gov/publication/sir20145024


Thamke, Joanna N.; Smith, Bruce D.
Attribution: Energy, Water, Geology, Geophysics, and Geochemistry Science Center,
Wyoming-Montana Water Science Center, Water Resources, , Montana, United States of
America
View Citation 

Year Published: 2014

Borehole geophysical data for the East Poplar oil field area, Fort Peck
Indian Reservation, northeastern Montana, 1993, 2004, and 2005
Areas of high electrical conductivity in shallow aquifers in the East Poplar oil field area
were delineated by the U.S. Geological Survey (USGS), in cooperation with the Fort Peck
Assiniboine and Sioux Tribes, in order to interpret areas of saline-water contamination.
Ground, airborne, and borehole geophysical data were collected in the East...

Smith, Bruce D.; Thamke, Joanna N.; Tyrrell, Christa
Attribution: , Geology, Minerals, Energy, and Geophysics Science Center, Geology,
Geophysics, and Geochemistry Science Center, Region 7: Upper Colorado Basin
View Citation 

Year Published: 2010

Strontium isotope detection of brine contamination in the East Poplar
oil field, Montana
Brine contamination of groundwater in the East Poplar oil field was first documented in the
mid-1980s by the U.S. Geological Survey by using hydrochemistry, with an emphasis on
chloride (Cl) and total dissolved solids concentrations. Supply wells for the City of Poplar
are located downgradient from the oil field, are completed in the same shallow...

Peterman, Zell E.; Thamke, Joanna N.; Futa, Kiyoto; Oliver, Thomas A.
Attribution: , Geology, Minerals, Energy, and Geophysics Science Center, Geology,
Geophysics, and Geochemistry Science Center, Region 7: Upper Colorado Basin
View Citation 

Year Published: 2006

Helicopter electromagnetic and magnetic survey maps and data, East
Poplar Oil Field area, August 2004, Fort Peck Indian Reservation,
northeastern Montana
This report is a data release for a helicopter electromagnetic and magnetic survey that
was conducted during August 2004 in a 275-square-kilometer area that includes the East
Poplar oil field on the Fort Peck Indian Reservation. The electromagnetic equipment
consisted of six different coil-pair orientations that measured resistivity at separate...

Smith, Bruce D.; Thamke, Joanna N.; Cain, Michael J.; Tyrrell, Christa; Hill, Patricia L.
View Citation 

https://www.usgs.gov/node/
https://www.usgs.gov/node/
https://www.usgs.gov/centers/gggsc
https://www.usgs.gov/centers/wy-mt-water
https://www.usgs.gov/mission-areas/water-resources
https://www.usgs.gov/states/montana
https://www.usgs.gov/node/
https://pubs.er.usgs.gov/publication/ofr20131288
http://pubs.er.usgs.gov/publication/ofr20131288
https://www.usgs.gov/centers/gmeg
https://www.usgs.gov/centers/gggsc
https://www.usgs.gov/unified-interior-regions/region-7
https://pubs.er.usgs.gov/publication/ofr20101326
http://pubs.er.usgs.gov/publication/ofr20101326
https://www.usgs.gov/centers/gmeg
https://www.usgs.gov/centers/gggsc
https://www.usgs.gov/unified-interior-regions/region-7
https://pubs.er.usgs.gov/publication/ofr20061216
http://pubs.er.usgs.gov/publication/ofr20061216


Below are news stories associated with this project.

Year Published: 2003

Ground-water quality for two areas in the Fort Peck Indian
Reservation, northeastern Montana, 1993-2000
Thamke, Joanna N.; Midtlyng, Karen S.
View Citation 

Year Published: 1997

Saline-water contamination in Quaternary deposits and the Poplar
River, East Poplar Oil Field, northeastern Montana
The extent of saline-water contamination in Quaternary deposits in and near the East
Poplar oil field may be as much as 12.4 square miles and appears to be present
throughout the entire saturated zone. The saline-water contamination affects 9-60 billion
gallons of ground water. Saline- contaminated water moves westward through Quaternary
glacial...

Thamke, J.N.; Craigg, S.D.
View Citation 

Year Published: 1996

Hydrologic data for the East Poplar oil field, Fort Peck Indian
Reservation, Northeastern Montana
This report presents selected hydrologic data for the East Poplar oil field, located in the
south-central part of the Fort Peck Indian Reservation in northeastern Montana. Data
about the occurrence, quantity, and quality of ground and surface water are presented in
tabular form. The tables contain records of privately owned wells (active and...

Thamke, J.N.; Craigg, S.D.; Mendes, T.M.
View Citation 

Date published: OCTOBER 28, 2014

Low-flying Helicopter Surveying Groundwater and Geology in the
Poplar River Valley Area, Montana

https://pubs.er.usgs.gov/publication/wri034214
http://pubs.er.usgs.gov/publication/wri034214
https://pubs.er.usgs.gov/publication/wri974000
http://pubs.er.usgs.gov/publication/wri974000
https://pubs.er.usgs.gov/publication/ofr95749
http://pubs.er.usgs.gov/publication/ofr95749
https://www.usgs.gov/news/low-flying-helicopter-surveying-groundwater-and-geology-poplar-river-valley-area-montana
https://www.usgs.gov/news/low-flying-helicopter-surveying-groundwater-and-geology-poplar-river-valley-area-montana


Below are partners associated with this project.

Citizens should not be alarmed if they see a low-flying helicopter towing a large wire-loop
contraption hanging from a cable in the Poplar, Montana area during the next couple of
weeks.

Attribution: Energy and Minerals, Region 5: Missouri Basin, Geology, Geophysics, and
Geochemistry Science Center

Date published: APRIL 2, 2014

East Poplar Brine-Contaminated Groundwater Plumes Continue to
Move
A new report by the U.S. Geological Survey describes the extent and movement of
contamination in the East Poplar oil field area in northeastern Montana.

Attribution: Region 5: Missouri Basin

Fort Peck Tribes

https://www.usgs.gov/mission-areas/energy-and-minerals
https://www.usgs.gov/unified-interior-regions/region-5
https://www.usgs.gov/centers/gggsc
https://www.usgs.gov/news/east-poplar-brine-contaminated-groundwater-plumes-continue-move
https://www.usgs.gov/news/east-poplar-brine-contaminated-groundwater-plumes-continue-move
https://www.usgs.gov/unified-interior-regions/region-5
http://www.fortpecktribes.org/
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Abstract
A helicopter electromagnetic and magnetic survey over 

the Animas River watershed study area has greatly increased 
the resolution of airborne geophysical data for the study area. 
The main objective of this chapter is to present geophysical 
data and maps that can be compared to other data sets and 
maps of the study area. The results of the survey are useful 
in mapping surface and subsurface lithology and structure. A 
brief discussion of selected geophysical anomalies and trends 
is given. The total-field magnetic and apparent conductiv-
ity maps from the helicopter survey are used to interpret 
near-surface and deep geologic and hydrologic features that 
can influence ground-water flow. This qualitative discussion 
supplements a more detailed study using quantitative predic-
tive modeling to characterize structures in the study area.

The total-field reduced-to-pole magnetic map is given 
at a scale of 1:48,000 superimposed on a topographic base. 
Derivative maps are given in color shaded relief at a scale 
of 1:100,000 and include high- and low-pass filtered maps. 
Qualitatively, a central magnetic low with peripheral magnetic 
highs caused by younger intrusives characterizes the Silverton 
caldera. Magnetic lows may be associated with alteration that 
has destroyed magnetic minerals and (or) may be associated 
with reverse magnetization.

Helicopter-borne measurements from five frequencies 
and two system geometries were used to compute apparent 
electrical conductivities. The pre-processed electromagnetic 
data have high noise along flightlines due to helicopter flying 
limitations caused by the high rugged terrain. The apparent 
conductivity map for the intermediate frequency (and depth of 
investigation) is given at 1:48,000 and again on a topographic 
base. The apparent conductivity is also presented as color 
shaded-relief maps at a scale of 1:100,000 for three frequen-
cies and one system configuration. These maps reflect varia-
tions of the subsurface electrical conductivity ranging in depth 
from a few meters to on the order of 60 meters. The Silverton 
caldera is generally characterized by conductivity lows in the 
central part ringed by conductivity highs. Conductivity highs 
can be related to electrically conductive surficial rocks and 
sediments as well as deeper bedrock alteration both in narrow 
zones along drainages and in broad areas of hydrothermal 
alteration.

High apparent conductivities near one mine-waste pile 
suggest near-surface flow paths and a source for high dis-
solved solids where high-sulfide mill tailings have been 
removed after the helicopter survey. The youngest dacite-
rhyolite intrusives show different types of magnetic and elec-
trical properties that may be associated with different types 
of lithologic and ground-water regimes. Apparent conductiv-
ity maps suggest a northwest-trending structural zone along 
Cement Creek and extending toward Ohio Peak that may 
influence ground-water flow.

Introduction
An airborne electromagnetic and magnetic survey was 

flown over portions of the Animas River watershed to supple-
ment other geologic, geochemical, and hydrologic studies that 
were carried out for the collaborative study. New airborne 
geophysical data were needed because the only available data 
for the study area were total-field magnetic and radiometric 
data with a flightline spacing of 2 miles (Oshetsky and Kucks, 
2000). In general airborne geophysical methods provide 
data to interpret subsurface lithology, structure, and in some 
cases electrically conductive ground water. Smith and others 
(2000) have described how airborne geophysical surveys can 
be applied to abandoned mine land studies. McCafferty and 
others (2004) have demonstrated the application of quantita-
tive class modeling of airborne electromagnetic and magnetic 
survey data in predictive mapping of acid-neutralizing terrains 
in the Boulder River watershed, Montana.

One main focus of the Animas River watershed AML 
study has been the source, transport, and fate of acid water 
derived from mining activities and from areas that have 
not been mined. Though much of the ground-water flow 
is through streams, an unknown amount flows through the 
subsurface colluvium and bedrock of the study area. Little 
specific information about the nature of this subsurface flow 
exists, although Huntley (1979) and Caine (2003) have made 
some generalizations on a watershed scale. Ground and 
airborne geophysical studies provide data that can be used to 
interpret subsurface heterogeneities that can be related to the 
origin and flow of acid water.

Chapter E4
Helicopter Electromagnetic and Magnetic Surveys

By Bruce D. Smith, Robert R. McDougal, Maryla Deszcz-Pan, and Douglas B. Yager



Purpose and Scope

The purpose of this investigation is to present the results 
of a helicopter electromagnetic and magnetic (HEM) survey 
flown over the Animas River watershed study area. The results 
of the survey are useful in mapping surface and subsurface 
lithology and structure. Geophysical maps from the airborne 
geophysical surveys are given in plates 3 and 4 of this volume. 
The objectives of the study are to:

Present the airborne geophysical data in maps that can • 
be compared to other maps from the AML study

Describe data collection and reduction procedures for • 
the airborne survey

Present derivative maps that can be used in interpreta-• 
tion of subsurface geophysical features

Provide some interpretation of geophysical anomalies • 
in terms of lithology, structure, and possible hydraulic 
features.

Geophysical Surveys
A regional airborne survey of the study area was flown 

as part of the National Uranium Resource Evaluation (NURE) 
with E.-W. flightlines 400 feet1 above ground with 2 mile spac-
ing (Aero Service, 1979). Oshetsky and Kucks (2000) used 
these data and other airborne surveys to compile a statewide 
total magnetic field grid at 1,000 feet above ground level with 
a cell size of 500 m square. Figure 1 shows a portion of this 
regional airborne magnetic map for the northwestern part of the 
San Juan volcanic field with the main drainages of the Animas 
River watershed study area (from west to east, Mineral Creek, 
Cement Creek, and Animas River). Locations of three detailed 
helicopter geophysical surveys that have been flown in the 
Silverton and Lake City caldera areas are shown as boxes in 
figure 1 and in figure 2 with more detail. The detailed surveys 
are located over the Lake City caldera (Red Cloud and Lake 
City surveys in fig. 2, not discussed here) and the Silverton 
caldera (Animas survey in fig. 2; see following discussion). 
The regional airborne magnetic survey shows that the Lake 
City caldera is generally characterized by magnetic highs, in 
contrast to the older Silverton caldera, which is characterized 
by a central magnetic low. Grauch (1987a) observed that the 
magnetic expression of the Silverton Volcanics (postcaldera 
volcanic flows and volcaniclastic sediments) is low within the 
Silverton caldera and high within the Lake City caldera. The 
contrasting magnetic expression within this unit is due to vari-
able natural remanent magnetization and to alteration.

The Red Cloud survey (fig. 2) was flown as part of the 
NURE program (High Life Helicopters, 1983) with N.–S. lines 
spaced 0.25 mi (miles) using spectral radiometric and total-
field magnetic systems. The Lake City helicopter survey flown 
(fig. 2) as part of USGS programs (High Life Helicopters, 
1981) used 0.3 mi flightline spacing, N.–S. lines, 400 ft above 
ground. Grauch (1987a, b) has interpreted the Lake City survey 
with emphasis on effects of the rugged terrain on the magnetic 
data.

The Animas helicopter electromagnetic and magnetic 
(HEM) survey was conducted over part of the Animas River 
watershed (fig. 3) during late May 1999 (Smith and others, 
2000, 2004) under a contract to the U.S. Geological Survey. 
The objective of this survey was to map subsurface lithology 
and structure that could be important in geologic, structural, 
and hydrologic studies related to the Animas River AML 
study. The survey flightline spacing was 200 m and 400 m, 
as shown in figure 3. Closer flightline spacing was used in the 
western part of the survey area in order to improve resolution 
in the area of Mineral and Cement Creeks. In addition, flight-
lines were flown along South Fork Mineral Creek, Mineral 
Creek, Cement Creek, and the upper Animas River. These 
flightlines were done to obtain more detailed data along the 
drainages where tracer studies were planned (Kimball and oth-
ers, this volume, Chapter E9). They were flown at a more con-
stant elevation than was possible with the north-south flight-
lines. The stream valleys are deep and narrow, which makes it 
difficult for a helicopter to maintain constant elevation when 
crossing the terrain. Four east-west flightlines were flown as 
tie lines for processing the magnetic field measurements.

The nominal helicopter flight height was specified to 
be 60 m above terrain. In practice the flight elevation varied 
between 60 and 90 m due to flight safety considerations in the 
extremely rugged terrain. The geophysical electromagnetic 
(EM) and magnetic system was towed in an 8 m long torpedo-
shaped “bird” at a distance of about 30 m below the helicopter. 
The instrumentation included a high-precision GPS system 
that provided a positional accuracy of about 5 m. Barometric 
and radar altimeters provided additional data on the eleva-
tion. The position of the flight path provided by the GPS was 
checked with video records from the flight path video camera.

Magnetic System and Data Processing

A cesium split-beam total-field magnetic sensor was used 
for the magnetic field measurements. The in-flight sensitivity 
of the system was 0.001 nanotesla (nT) with a recording rate of 
0.1 second. The sensor tolerated gradients up to 10,000 nT/m, 
and the dynamic range was 20,000 to 100,000 nT. A heading 
test after system installation and prior to surveying showed a 
maximum variation of ±0.92 nT. A total-field magnetic base 
station placed within the survey area used a sensor with the 
same specifications as the airborne sensor. No magnetic storms 
occurred during the survey.

1Measurements originally made and reported in feet and miles are retained 
here in their original units for clarity and to avoid misstatement of precision in 
conversion.  To convert feet to meters, multiply by 0.3048; to convert miles to 
kilometers, multiply by 1.61.
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The in-flight magnetic field data were corrected for diur-
nal variations using the base station records. The International 
Geomagnetic Reference Field (IGRF) was computed and 
removed along each flightline. The magnetic data were grid-
ded using minimum curvature methods with a 40 m square cell 
size for the western part of the survey area and an 80 m cell 
size for the eastern part of the survey (fig. 1). The eastern grid 
was resampled to a 40 m cell size and merged with the western 
grid.

The IGRF-corrected total-field magnetic grid was filtered 
using a reduction-to-pole (RTP) filter implemented in the 
USGS potential field programs (Phillips, 1997; Phillips and 
others, 2003). This filter transforms the magnetic field so 
that anomalies are positioned directly above the causative 

body. This filtering will produce a correct positioning of the 
magnetic responses as long as (1) the causative source of the 
magnetic anomaly does not have a strong natural remanent 
magnetization and (2) the magnetization is predominantly all 
induced in the direction of the current main magnetic field. 
Although some rock units in the Silverton caldera exhibit 
remanent magnetization (Grauch and Hudson, 1987), the mag-
netization intensities and directions are low and within a range 
collinear with the present-day magnetic field.

The RTP magnetic grid was also filtered to separate 
short and long spatial wavelengths through a process termed 
matched filtering (Syberg, 1972). USGS computer field 
programs by Phillips (1997) were used to do this processing. 
The short wavelength anomalies approximate sources that are 

Figure 1. Total-field magnetic map of a region surrounding the Animas River watershed study area. Data are a subset from 
the compilation of Colorado aeromagnetic data by Oshetski and Kucks (2000). Warmer colors (reds), magnetic highs; cooler 
colors (blues), lows. The digital grid has a cell size of 500 m square. Boxes indicate areas where detailed helicopter surveys 
were done (see fig. 2 for scale). Blue lines, main drainages of the study area (see fig. 3), from west to east, South Fork 
Mineral Creek, Mineral Creek, Cement Creek, and Animas River.
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Figure 2. Generalized regional geology of Silverton and Lake City calderas, southwest Colorado. Heavy solid line, boundary of detailed aeromagnetic 
surveys flown in area. Magnetic maps from USGS Animas survey are discussed here. Geologic index map modified from Bove and others (2001). 
Geologic map for the Animas survey area is in Yager and Bove (2002) and plate 1 of this volume.
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Figure 3. Generalized geology of Animas River watershed study area, southwest Colorado. Thin north-south black lines, flight path of helicopter in main part 
of survey area. East-west lines, tie lines. Yellow lines are flightlines flown along selected drainages. Major tributaries to the Animas River are shown in addition 
to major Tertiary volcano-tectonic structures related to the Silverton and San Juan calderas. Figure is modified from Casadevall and Ohmoto (1977).
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in the upper 200 m beneath the topographic surface. The map 
produced from this data is termed a “high-pass” magnetic 
anomaly map and should correspond most closely with the 
sources of anomalies from the electromagnetic survey.

A matched filter was also applied, using the same pro-
grams (Phillips, 1997; Phillips and others, 2003), to enhance 
long wavelength anomalies that could represent sources at 
depths of more than 1,300 m. This map is termed a “low-pass” 
magnetic anomaly map.

Electromagnetic System and Data Processing

The EM system consisted of five coil pairs operating at 
different frequencies. Three of the coil pairs were oriented in 
a horizontal coplanar (CPL) configuration and the other two in 
a vertical coaxial (CXL) configuration. Table 1 gives the fre-
quencies for each of the coil configurations. The frequencies 
were set before the survey was started and were maintained 
during flight operations.

Data from the CXL configuration, normally used in 
exploration for dike-like conductors, are very susceptible to 
in-flight noise and have not been used in this study. The CPL 
coil pairs are best suited to mapping of subsurface electrical 
conductivities.

Care was taken to establish calibration levels for the 
electromagnetic system both before and during the survey. 
However, in post-processing by the USGS, absolute levels of 
the EM channels were found to be unreliable. A number of 
different approaches (Fitterman, 1999) were used to adjust 
the levels to produce agreement with ground electromagnetic 
measurements. None of these methods could entirely cor-
rect the data. The data presented here have not been adjusted 
beyond the leveling done by the contractor who conducted 
the airborne survey. Quantitative interpretations beyond the 
qualitative interpretation presented here will require additional 
leveling of the HEM survey data.

The contractor used the EM measurements at each 
frequency to calculate apparent resistivity using the method 
described by Fraser (1978). The method estimates the resistiv-
ity of a homogeneous half space based on the EM measure-
ments, hence the term apparent resistivity. For the purposes 
of this study, the apparent resistivity (ρ, ohm meters) was 
converted to apparent conductivity (σ, millisiemens per meter) 
where σ=1,000/ρ. Maps of apparent conductivity presented 
here show high conductivities in warmer colors in order to 
emphasize such features.

Map Compilation

The digital raster graphic topographic base map was 
scanned from a green-line topographic base. The base is the 
same digital map as used for the geologic map of the Animas 
River watershed study area and vicinity (Yager and Bove, 
2002, and Yager and Bove, this volume, Chapter E1, pl. 1). All 
of the digital data were projected to the Universal Transverse 
Mercator (UTM zone 13) geographic projection. The 
digital database used a 2.5 m resolution and was resampled 
to 8 m for the digital version of the base. All of the airborne 
geophysical data used this same projection. The positional 
accuracy of the HEM survey is on the order of 5 m in the 
horizontal position and 10 m in the vertical position based 
on the post-processing of the differential global positioning 
system (GPS).

Magnetic and Electrical Properties

Magnetic Responses

The magnetic response of the volcanic rocks is controlled 
by the amount of magnetic minerals, primarily magnetite and 
to some degree ilmenite, maghemite, and titanomagnetite 
present in the rocks (Telford and others, 1978). Pyrrhotite is a 
magnetic iron sulfide mineral that is common in some sulfide 
mineral deposits but does not occur in abundance in the miner-
alized systems in the study area. The amount of magnetic min-
erals in rocks determines the magnetic susceptibility and thus 
its strength of magnetization. Rocks with a high susceptibility 
will produce a strong dipolar magnetic response (Telford and 
others, 1978). Natural remanent magnetization (NRM) also 
affects the amplitude of observed magnetic anomalies depend-
ing on its direction and intensity. Often the direction of the 
NRM is opposite that of the induced magnetization, resulting 
in a lowering of magnetic response or reversal of the dipolar 
signature. Grauch and Hudson (1987) and Gettings and others 
(1994) have examined the NRM and magnetic susceptibility 
of the volcanic rocks in the Silverton and Lake City calderas. 
The nature of NRM has been discussed previously in regard 
to processing of the total-field magnetic data. As is typical of 
many volcanic terrains, both NRM and magnetic susceptibility 
are highly variable both within and between stratigraphic and 
lithologic units. Basic igneous rocks have high magnetization, 
with granite, andesite, and rhyolite having generally lower 
magnetization. Volcanic rocks in general have higher magneti-
zation than sediments unless the sediments contain magnetite. 
Hydrothermal alteration of volcanic rocks is likely to reduce 
their magnetite content (Telford and others, 1978). Several 
different types of alteration have been observed and mapped in 
the study area (Bove and others, 2000; McDougal and others, 
this volume, Chapter E13).

Table 1. Frequency and coil orientation for the electromagnetic 
system.

 Frequency 
(Hz)

Configuration

886.00 Coaxial
984.00 Coplanar

4,836.00 Coaxial
4,310.00 Coplanar

32,960.00 Coplanar
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Electromagnetic Responses

Several factors control the electrical conductivity of 
rocks (Telford and others, 1978; Olhoeft, 1985), and these 
can be generalized for the geologic setting of the study area. 
In general, introduction of clay minerals (including zeolites) 
tends to increase the electrical conductivity of rocks. Both 
hydrothermal alteration and weathering processes of volcanic 
rocks in the area can produce clay minerals. Metallic veins, 
particularly massive sulfides such as pyrite, can drastically 
increase the electrical conductivity. Ground water having high 
dissolved solids can increase measured electrical conductiv-
ity. Sediments in valley fill may be much more conductive 
than bedrock due to silt (particularly with high organics) and 
clay mineral content and water with high dissolved solids. 
However, the processes that create valley fill may also weather 
the bedrock under the valleys, reducing the electrical contrast 
between rock units. Some types of glacial sediments, such as 
moraines, may have high clay content and thus high electrical 
conductivity.

Areas of low conductivity (high resistivity) can be 
caused by alteration that causes silicification of porous media. 
McDougal and others (this volume) have analyzed the elec-
tromagnetic data to map areas of low conductivity that may 
be associated with fracture and fault systems. In general, any 
process that decreases the permeability and porosity of rocks 
tends to increase the resistivity or lower the conductivity. This 
variation is related to observation that the amount and nature 
of pore fluids have an enormous effect on the electrical resis-
tivity of rocks (Olhoeft, 1985). Thus rocks above the water 
table generally have a low conductivity.

Discussion
Geophysical maps from the helicopter magnetic 

(pl. 3) and electromagnetic (pl. 4) survey are given at scales 
(1:48,000) comparable with the geologic map of the study area 
(Yager and Bove, 2002, and pl. 1, this volume). The purpose 
of the following section is to illustrate interpretations of spe-
cific anomalous features that are relevant to the Animas River 
watershed AML study. A detailed discussion of the airborne 
geophysical data is given by McDougal and others (this vol-
ume) in terms of quantitative predictive modeling designed to 
characterize structural and lithologic terrains.

Magnetic Maps

Plate 3 gives the color total-field magnetic map for 
the Animas River watershed study area superimposed on a 
topographic base. The 1:48,000-scale total-field reduced-
to-pole (see processing section) magnetic map can be com-
pared directly to the geologic map of the study area given 
by Yager and Bove (2002, and this volume, pl. 1). The color 
shaded-relief map is shown for the total-field magnetic 

survey data in figure 4. The shading is shown with a sun 
angle from N. 45° E., which emphasizes trends in the conju-
gate (N. 45° W.) direction.

The reduced-to-pole map (pl. 3 and fig. 4) generally 
shows that the central part of the Silverton caldera is defined 
by magnetic lows relative to the margins. The high-pass mag-
netic map (fig. 5) shows features that should be from sources 
at depths similar to the EM data. The low-pass magnetic map 
(fig. 6) shows longer wavelength magnetic responses that are 
caused by sources that are deep or broad and shallow. Specific 
features of each map are discussed in following paragraphs 
and also by McDougal and others (this volume).

Magnetic Features
Magnetic features are shown in figure 7, where letters 

identify linear features and numbers identify anomalies. 
Anomaly 10 in figure 7 is a discrete magnetic low. Narrow 
high magnetic anomalies that occur in the east and north part 
of anomaly 10 may be dikes. The magnetic low may extend 
farther to the east beyond the dikes. Rocks that are either 
reversely polarized or intensely altered (where the magnetic 
minerals have been destroyed) are possible sources for the 
magnetic low.

Linear feature P (fig. 7) is located on the southeast of 
magnetic anomaly 10. Interpreted linear features Q, R, and 
S in the magnetic map (fig. 7) may indicate structures that 
cross the caldera boundaries. Such structures could influence 
ground-water flow directions in the caldera ring fault system.

The magnetic high anomalies labeled 15 (fig. 7) are 
associated with the Sultan Mountain stock (Yager and Bove, 
2002; this volume, pl. 1), one of the Tertiary intrusives in the 
San Juan caldera complex. The strong magnetization suggests 
that this late Tertiary intrusive complex is unaltered.

The area of peak 3,792 m, between Middle and South 
Forks Mineral Creek (Yager and Bove, this volume; Bove 
and others, this volume), is characterized by a magnetic high 
(anomaly 16, fig. 7). The magnetization is not as intense as 
the magnetization of the Sultan Mountain stock.

Magnetic high anomalies occurring at the south edge of 
the Silverton caldera are labeled 11 (fig. 7). The magnetic highs 
correlate with topographic highs and are likely due to the rela-
tively flat lying Henson Member of the Silverton Volcanics. The 
magnetic rocks of the Sultan Mountain stock have been mapped 
just north of the Animas River; so some of the high magnetic 
anomalies just to the northwest of the junction of the Animas 
River and Cement Creek may be due to this source.

Several small isolated magnetic high anomalies are 
labeled 12 in figure 7. Farther east, in the Lake City caldera, 
this type of magnetic anomaly is associated with late Tertiary 
intrusives, which have been discussed in detail by Bove and 
others (2001). Anomaly 13 (fig. 7) is a magnetic low in the 
upper Animas River basin. This magnetic low is not associ-
ated with nonmagnetic valley fill, but is more likely caused by 
volcanics that have very little magnetite (perhaps due to altera-
tion) or are reversely polarized.
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Figure 4. Color shaded-relief reduced-to-pole total-field magnetic map of Animas River watershed study area. Color scale bar shown at right. Sun direction is from 
northeast. Black line, flightline flown along selected drainage as shown in figure 3. Figure is of same area as shown in the 1:48,000 reduced-to-pole magnetic map (pl. 3).
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Figure 5. Color shaded-relief high-pass filtered RTP map for Animas River watershed study area. Sun direction is from northeast. Black line, flightline flown along selected 
drainage as shown in figure 3. Figure is of same area as shown in the 1:48,000 reduced-to-pole magnetic map (pl. 3).
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Figure 6. Color shaded-relief low-pass filtered RTP map for Animas River watershed study area. Sun direction is from northeast. Black line, flightline flown along selected 
drainage as shown in figure 3. Figure is of same area as shown in the 1:48,000 reduced-to-pole magnetic map (pl. 3).
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Figure 7. RTP magnetic map showing selected anomalous features. Linear features (bold letters and black lines) are selected from a number of 
features identified by McDougal and others (this volume). Magnetic anomalies (numbers) have been selected to characterize general geologic 
features. Color shaded relief from figure 4 is shown as background. Curving solid black line, flightline along selected drainage. Heavy dashed line 
is general outline of Eureka graben.



Apparent Conductivity Maps

Plate 4 shows apparent conductivity in the Animas River 
watershed study area. The 1:48,000-scale color apparent 
conductivity map can be compared directly to geologic maps 
of the study area (Yager and Bove, 2002; Yager and Bove, this 
volume, pl. 1). The intermediate frequency (4,310 Hz) has 
been used for the main map because it best represents general 
characteristics of the electrical structure of the study area.

Color shaded-relief (CSR) maps are commonly used to 
emphasize trends. Figures 8–10 show CSR maps of apparent 
conductivity for the three horizontal coplanar coil pairs from 
high to low frequency. The sun illumination angle is N. 45° E. 
with an inclination of 45°. Thus, features trending northwest 
are emphasized. In these maps, the high conductivities are 
shown in warm colors (reds) that correspond to low resistivi-
ties. The general structural trends described by Burbank and 
Luedke (1969) are northeast, north, and northwest. Maps using 
several different illumination angles were examined, and the 
northeast illumination direction was qualitatively the best to 
emphasize trends discussed herein. However, this illumination 
angle does not emphasize the northeast-trending structures 
described by Casadevall and Ohmoto (1977), such as the 
Eureka graben. The use of particular color scales (resistivity or 
conductivity) depends on the type of geophysical features that 
are being highlighted. In this discussion, conductive features 
are highlighted using warmer colors. The color scale for each 
frequency is stretched to yield a consistent scale between 
maximum and minimum values of apparent conductivity. Note 
that this results in specific colors on each map representing dif-
ferent apparent conductivity.

The highest frequency (fig. 8) has the greatest spatial 
frequency variation due to more system noise from in-flight 
altitude variations and also due to large variations in shallow 
geology. At this frequency, the depth of investigation is only 
a few meters. Areas of high anomalous conductivity (fig. 8) 
are generally located in the northwest, between Cement and 
Mineral Creeks, and in the area of peak 3,792 m. The south 
end of the Eureka graben (fig. 3) is associated with a shal-
low high conductivity anomaly (fig. 8). A high conductivity 
anomaly also lies along the northern part of the Animas River.

The intermediate-frequency apparent conductivity map 
(fig. 9) has less high spatial frequency variations due to less 
system noise, greater spatial averaging, and deeper penetra-
tion. The depth of penetration at this frequency is on the order 
of 30–40 m. High apparent conductivities (fig. 9) are gener-
ally in the same areas as for the higher frequency (fig. 8). 
One difference between figures 8 and 9 is that high apparent 
conductivities occur along a longer part of the Animas River at 
the intermediate frequency (fig. 9) beginning east of Silverton 
and continuing to upstream of Eureka. This difference sug-
gests that shallow valley fill sediment is not the sole source of 
high conductivities. The bedrock is likely more weathered and 
fractured along the Animas River part of the Silverton caldera 
structural margins. Another line of evidence that the valley fill 
is not thick is that the magnetic field map (pl. 3) does not have 
a pronounced magnetic low along the river basin. A magnetic 
low would be indicative of thick nonmagnetic sediment.

The CSR map for the lowest frequency is given in 
figure 10. The apparent conductivity for this frequency is 
10 times lower than that for the intermediate frequency shown 
in figure 9. Apparent conductivity anomalies in this map are 
smoother than the next higher frequency because again there 
is greater averaging of the signature of subsurface electrical 
features. The depth of penetration at the lowest frequency is 
on the order of 40–50 m. Again there is greater correlation of 
high apparent conductivities along the upper Animas River 
drainage than other drainages in the study area. This is likely 
due to alteration of bedrock along the caldera ring fractures 
that form the southeastern margin of the Silverton caldera. It 
is interesting that this is the only part of the caldera structure 
that has an electrical signature. This suggests that clay miner-
als are not a large part of the altered rocks along other areas 
of the caldera margin.

Apparent Conductivity Features
Conductivity anomaly 1 (fig. 11) is an apparent conduc-

tivity high with a low at the center. The apparent conductiv-
ity high is one of the highest in the survey. The anomaly is 
prominent in the mid and low frequencies (figs. 9 and 10), 
suggesting that the surface expression may not be obvious. 
The general shape is suggestive of an alteration halo around a 
buried intrusive. The high conductivity (red colors) is situated 
in an area of moderately high (yellows) apparent conductiv-
ity located to the north of linear feature A. This linear feature 
trends northwest to southeast and correlates well with a fault 
zone shown by Yager and Bove (2002; Yager and Bove, this 
volume, pl. 1). In one interpretation of this setting, a silicified 
fault zone is present that has acted as a barrier to hydrother-
mal waters. The impounded hydrothermal waters could have 
caused alteration to the northeast of the structure (D.J. Bove, 
oral commun., 2002). A high apparent conductivity is corre-
lated with this alteration. This structural zone may also control 
modern ground-water flow (Wright, Kimball, and Runkel, this 
volume, Chapter E23).

Linear feature B has a similar trend to linear feature A 
and passes through the area of the May Day mine (MA, fig. 11). 
The feature is present on the intermediate- and low-frequency 
apparent conductivity maps (figs. 9 and 10). That these trends 
are not as clear on the high-frequency map suggests that the sur-
face expression may not be obvious. This may be why surface 
geologic maps (Yager and Bove, 2002; Yager and Bove, this 
volume, pl. 1) do not indicate a prominent structure in this area. 
Smith and others (2001) suggested that linear feature B may 
be a fracture system that could control the ground-water flow. 
Local surficial ground-water flow interaction with the May 
Day mine dump is also documented (Smith and others, 2001; 
Wright, Kimball, and Runkel, this volume). Thus this area may 
be a good example of both surface (mine waste) and subsurface 
(fracture controlled) ground-water paths. Linear features C and 
D may indicate similar structures extending to the northwest 
from linear feature B. These trends are also not as clear on the 
high-frequency apparent conductivity map (fig. 8).
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Figure 8. Color shaded-relief apparent conductivity map at 36,930 Hz of Animas River watershed study area. Sun direction is from northeast. Black line, flightline flown 
along selected drainage as shown in figure 3. Figure is of same area as shown in the 1:48,000 apparent conductivity map (pl. 4).



Figure 9. Color shaded-relief apparent conductivity map at 4,310 Hz of Animas River watershed study area. Black line, flightline flown along selected drainage as shown 
in figure 3. Figure is of same area as shown in the 1:48,000 apparent conductivity map (pl. 4).
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Figure 10. Color shaded-relief apparent conductivity map at 935 Hz of Animas River watershed study area. Black line, flightline flown along selected drainage as shown 
in figure 3. Figure is of same area as shown in the 1:48,000 apparent conductivity map (pl. 4).



Figure 11. Apparent conductivity map showing selected anomalous features. Curving solid gray line, flightline flown along selected drainage as shown 
in figure 3. Figure is same area as shown in the 1:48,000 apparent conductivity map with the same color scale (pl. 4). Letters identify linear features (straight 
black lines); MA, May Day mine; MF; Mayflower tailings. Numbers indicate high conductivity anomalies.
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High apparent conductivities located in the area labeled 2 
in fig. 11 correlate with a mapped landslide (Yager and Bove, 
2002; Yager and Bove, this volume, pl. 1). The high apparent 
conductivity is present at all frequencies, which suggests that 
the source extends from surface to depth. Clay minerals, asso-
ciated with alteration of the Silverton Volcanics, are likely the 
source of the anomalous conductivity. The clay-rich lithology 
is favorable for the development of landslides and may also 
control local ground-water flow.

Anomaly 3, located along Cement Creek, is in the 
area where an iron-rich bog described in several other stud-
ies (Wirt and others, this volume; Kimball and others, this 
volume; Stanton, Yager, and others, this volume, Chapter E14) 
has formed. This high conductivity anomaly has an expres-
sion at the lower frequency and a very limited expression at 
the highest frequency. One hypothesis concerning the genesis 
of the bog is that it could be located on a fracture system that 
is acting to focus the flow of ground water. The electrical 
signature is not suggestive of a linear fracture system. In addi-
tion, ground electrical geophysical surveys on the bog surface 
do not indicate any depth extent to the high dissolved solids 
observed at the surface. The localized conductivity high is due 
to downcutting of the valley in this part of Cement Creek that 
has forced ground water to the surface (Vincent and others, 
this volume, Chapter E16).

Linear feature F (fig. 11), located at the head of Cement 
Creek, is defined as a boundary between low and high 
apparent conductivities. The general trend of linear feature 
F correlates with the Bonita fault and the western part of the 
Sunnyside fault (Yager and Bove, 2002; Yager and Bove, this 
volume, pl. 1). The specific location of this linear feature may 
indicate a part of the fault system that is important in control-
ling local ground-water flow.

High conductivity anomaly 4 (fig. 11) along the Animas 
River is located at the Mayflower Mill mine-waste piles (MF) 
and adjacent flood plain along the river. Ground geophysical 
surveys in the flood plain along this part of the drainage in 
2001 showed localized shallow-subsurface very high con-
ductivity between the waste piles and the Animas River. This 
high conductivity was correlated with sulfide tailings that 
were removed in 2003 by Sunnyside Gold, Inc. The high con-
ductivity anomaly, in general, is likely to have resulted from 
the high dissolved solids in ground water and the presence 
of conductive sediment in tailings. There is also a large fault 
zone exposed in the bank of the Animas River that may be the 
source of some of the high conductivity on the south side of 
the river east of anomaly 4.

High conductivities are associated with much of the 
Animas River northeast of Silverton. Conductive anomaly 5 
is present on all frequencies (figs. 8, 9, and 10). The source 
of high conductivities is likely both valley fill and altered bed-
rock along the valley. The extension of the conductive features 
to depth could be an indication of structures bounding this 
part of the Silverton caldera. As a point of interest, note that 
other major drainages (Mineral Creek, South Fork Mineral 
Creek, Cement Creek) do not have as extensive areas of high 

conductivity, even though there is fill along their valleys. The 
implication is that the ring fault structure is more developed 
and altered with depth along the Animas River drainage 
than in the other drainages. Thus both surficial and fracture-
controlled ground-water flow is particularly important along 
this drainage.

Conductivity anomaly 6 and linear feature E (fig. 11) 
are correlated with the mineralized system at peak 3,792 m 
(Yager and Bove, this volume; Bove and others, this volume). 
The high conductivity anomaly is correlated in general with 
mapped quartz-sericite-pyrite lithology. No single mapped 
structural feature correlates with linear feature E southwest 
of this mineralized system (fig. 11).

Hydrologic Implications

Variations in electrical conductivity can be generalized for 
different types of ground-water systems for the Animas River 
watershed study area. Water-bearing units in the study area 
can be conceptually grouped as (1) near surface, (2) weathered 
surficial bedrock, and (3) deeper bedrock. Ground-water flow 
within water-bearing units can be associated with and influ-
enced by lithologic and structural heterogeneities that can have 
contrasting physical properties (electrical conductivity and mag-
netization). These contrasts in physical properties are shown 
by the heterogeneous responses in the airborne geophysical 
maps. Predicting subsurface ground-water flow is important 
in understanding the transport of contaminants from historical 
mine sites.

Ground-water flow exists in the Holocene and Pleistocene 
deposits of clay to boulder-size sediments that are mapped as 
alluvium, alluvial fans, talus slopes, colluvium, landslides, 
glacial deposits, and bog deposits (Blair and others, 2002; 
Yager and Bove, 2002; Yager and Bove, this volume). Areas of 
silt-size sediment may contain clay minerals that cause a high 
electrical conductivity. These areas may be associated with 
alluvium, colluvium, and landslides. Alluvial valley fill may 
also contain organics (peat type deposits) that can increase the 
electrical conductivity. Talus slopes and gravel deposits with-
out either clay or water containing high dissolved solids will 
have low electrical conductivity or be resistive. Rock glaciers 
that consist of ice cores with sand and boulders are likely to 
be areas of very high electrical resistivity (very low conductiv-
ity). The magnetization of most of the surficial deposits is low 
except where sediment was derived in place from magnetic 
bedrock.

The Silverton Volcanics of the Animas River watershed 
study area are described by Yager and Bove (this volume) as 
consisting of a basal unit (Burns Member), an overlying (but 
locally interfingering) pyroxene andesite member, and the 
Henson Member. The older Burns Member of altered lavas 
and tuffs has the highest silica content and occupies the central 
part of the Silverton caldera. The corresponding magnetic low 
and moderated apparent conductivities are consistent with this 
lithology, although NRM and hydrothermal alteration may 



play a role in causing the low magnetic anomalies. The young-
est Henson Member consists of interfingering volcaniclastics 
that are marked by relatively high magnetic anomalies and low 
conductivities (high resistivity). Magnetic highs at the south 
side of the Silverton caldera and just north of the Animas 
River are correlated with the topographic highs (ridge crests) 
that are mapped as Henson Member (Lipman and others, 
1973).

As noted in the discussion of the apparent resistivities 
at different frequencies, a progression occurs from higher 
conductivities at the highest frequency (shallowest penetra-
tion) to lower conductivity at the lower frequencies (greatest 
penetration). Near-surface crystalline bedrock has permeabil-
ity attributed to a three-dimensional volume of intense fractur-
ing (Hurr and Richards, 1974; Caine and Tomusiak, 2003). 
Conceptually for the study area, in this zone of weathered and 
intensely fractured bedrock, seasonal fluctuations of recharge 
and discharge take place (Caine, 2003). High electrical con-
ductivities may be developed if the ground water contains high 
dissolved solids characteristic of many contaminants. Weather-
ing processes may also lead to the development of secondary 
minerals, in particular clay or zeolite minerals. Both of these 
conditions will contribute to near-surface high conductivities 
underlain by low conductivity bedrock. An electromagnetic 
anomalous signature of this setting would be high conductivi-
ties at high frequencies and lower conductivities at the deeper 
penetrating lower frequencies (fig. 10). A contributing factor 
to the decreasing conductivity with depth is, conceptually, 
the decreasing fracturing with depth. As lithostatic pressures 
increase, open fractures should decrease.

Porosity and permeability of volcanic rocks can be 
associated with primary depositional features and fractures 
developed at various scales. Bedrock ground-water flow may 
exist in highly permeable volcanic rock such as tuffs and 
breccias. There have been no systematic laboratory or borehole 
measurements of porosity and permeability of the volcanic 
rocks in the study area. Huntley (1979) and Caine (2003) have 
suggested that the San Juan Mountains in general have high 
permeability due to both fracturing and their lithology (tuffs 
and breccias, for example). Primary deposition features are 
the extensive lahars, volcaniclastic deposits, and interbed-
ding between flows. The electrical conductivity of porous and 
permeable sediments is directly controlled by the conductivity 
of the pore fluid (Olhoeft, 1985). Consequently, large areas 
(tens of meters) containing fluids with high total dissolved 
solids can produce high conductivity signatures in the HEM 
data.

Caine and others (1996) described a conceptual model 
of the controls of ground-water flow by faults and fault zones. 
Faults and fractures within aquifers and water-bearing rocks 
can act as both conduits and barriers to water flow (Caine 
and others, 1996). Robinson (1978) and Caine and Tomusiak 
(2003) have given good descriptions of the hydrologic set-
ting of crystalline rock in terms of the importance of faults 
and fractures. On the scale of geologic time, fault zones and 
fractures have certainly served as conduits that have focused 

hydrothermal fluids to form mineral deposits (Casadevall and 
Ohmoto, 1977). The same hydrothermal processes that have 
developed and concentrated mineralization also developed 
extensive siliceous vein systems that have essentially annealed 
or plugged the fracture system that existed at the time. Mas-
sive siliceous vein systems are likely to have low electrical 
conductivity (be resistive) (Olhoeft, 1985). Unless these are 
fractured, they are likely barriers to ground-water flow. In 
contrast, high conductivity may be due to development of clay 
in tabular alteration zones along faults that act as conduits.

Evidence for specific ground-water flow paths in the 
watershed is limited and is summarized as follows. The geo-
physical features extending from the May Day mine toward 
Ohio Peak (figs. 7 and 11) suggest a structure that influences 
ground-water flow over a broad scale (Smith and others, 
2001). Arcuate magnetic and conductive features that predom-
inantly follow the Animas River suggest that the ring fracture 
system (Yager and Bove, this volume) influences ground-water 
flow. Wirt and others (this volume) suggest that development 
of bogs or precipitates near Fairview and Placer Gulches (mid-
dle part of Cement Creek, pls. 3 and 4) is partly due to fracture 
system-controlled springs. Neither area is near identified linear 
geophysical anomalies, but both are near anomalous electrical 
conductivity lows in the intermediate and low electromagnetic 
frequencies (figs. 9 and 10). The high conductivity anomaly 
near the Mayflower mine-waste piles is in part associated 
with a localized flow path that transported high metals from a 
sulfide-rich mine waste that has been removed. Thus in gen-
eral the airborne geophysical surveys can be used in the study 
of both large- and small-scale ground-water flow paths.

Conclusions
The airborne electromagnetic and magnetic maps for 

the Animas River watershed study area contain features that 
selectively emphasize specific lithology and structure and offer 
clues in understanding the ground-water flow regime. The 
lithology of the caldera fill is associated with magnetic lows 
and conductivity highs. Younger intrusives ringing the caldera 
have distinctive geophysical anomalies reflecting differing 
lithologies.

The geologic maps of the study area show numerous 
structures, but only a few of these are associated with identi-
fied geophysical anomalies. Conversely, data on the geophysi-
cal maps suggest structures that have not been previously 
mapped. Geophysical maps identify areas of near-surface and 
subsurface electrical and magnetic physical property contrasts 
that suggest structural features. These structures possibly 
influence ground-water flow.

Electrical and magnetic signatures can be associated 
with particular lithologies. Only qualitative relationships have 
been suggested here. McDougal and others (this volume) have 
used predictive models to quantitatively relate geophysical 
signatures to acid-neutralizing terrains and terrains favorable 
for the occurrence of veins and structures. Physical property 
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differences between Tertiary intrusives enable them to be 
classified on the basis of their geophysical signature. Low 
conductivity and magnetic intrusives may have more restricted 
ground-water flow than those that have been altered producing 
magnetic lows and a conductive signature.

Near-surface high conductivity anomalies associated 
with some mine-waste piles may indicate ground water contain-
ing high dissolved solids or a source of metal loading to the 
ground water. Other areas of intense hydrothermal alteration 
may be a surface source for ground water containing high dis-
solved solids.

The geophysical data have been used to identify areas 
possibly influencing surface and bedrock ground-water flow. 
Location of subsurface ground-water flow paths is a critical 
part of abandoned mine land studies.
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NORTH DAKOTA GEOLOGICAL SURVEY 

• 1980 - 1982 Studied four buried reserve pits in 
western North Dakota lone report, one paper, numerous presentations) . 

1986 Resampled Apache site (one report. one presentation) . 

• 1984- 1986 Studied two buried reserve pits in north
centra I North Dakota lone report, severa l presentations). 

• 1984- 1985 Studied an abandoned brine holding 
pond in north-central North Dakota (two repo rts). 
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Dimensions: 
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10 feet deep 

TEXACO GOV'T A (NCT-1) #1 drilled in 1960 
BELCO PETROLEUM SHEEP CREEK BN 1-11 drilled in 1977 
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TEXACO GOV'T A (NCT-1) #1 
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2011 
BELCO PETROLEUM SHEEP CREEK BN 1-11 
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WEST 

APACHE FEDERAL 1-5 
Installing monitoring wells in 1981. 

APACHE FEDERAL 1-5 Chloride (mg/1) 
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RESERVE PIT STUDY 
WESTERN NORTH DAKOTA 

• Leachate is being generated from buried drilling fluid at 
each of the four western ND study sites. 

• The amount of leachate reaching the water table is 
assumed minimized by clay attenuation and 
evapotranspiration. 

• Very little leachate is likely reaching the saturated zone at 
the two study sites in the Rough rider Field based on the 
reduction seen in the unsaturated zone. 

RESERVE PIT STUDY 
WESTERN NORTH DAKOTA 

• Leachate at Federall-5 covers an area of 250 x 250 feet. 
- Chromates detectable in leachate within the unsaturated zone but not in the 

saturated zone -levels were higher in the saturated zone in 1986. 

• Leachate plume in the Texaco Charlson Madison (North) 
Unit is approximately 300 x 400 feet in the upper saturated 
zone (top 40 feet). 

• This study determined that leachate will be generated by 
the current method of reserve pit reclamation. Therefore, 
it is important to focus attention in areas where leachate 
will degrade the groundwater. 

RESERVE PIT STUDY: WESTERN NORTH DAKOTA 
1986 CONCLUSIONS 

• In general, groundwater chemistries and the extent of the 
leachate plume relatively unchanged from 1981 to 1986 at 
Apache Federal1-5 site. 

• Suggested alternative methods for environmentally sensitive 
sites including closed mud system, solidification, solids 
control system, central disposal sites- noted central disposal 
sites must be carefully chosen because the increased volume 
increases the chances for widespread groundwater 
contamination. 

• There are settings such as the Little Missouri River floodplain, 
Little Muddy, etc where there should be no burial of waste 
drilling fluid. 
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RESERVE PIT STUDY 
NORTH-CENTRAL N. DAK. 1984 

• Two reserve pits studied; one in till 
(Fossum) the other in sand and gravel 
(Winder!). 

• Installed 45 piezometers and 13 lysimeters, 
took 700 resistivity readings, obtained 160 
water samples for analysis. 
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J.J. WINDERL # 1-- drilled in 1959 and deepened in 1980. 

Producing oil1959- to the present. 
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RESERVE PIT STUDY: NORTH-CENTRAL N. OAK. 
1985 CONCLUSIONS 

• Leachate at Fossum site was detected in an area 
100 x 150 feet and to a depth of at least 60 feet 
around the buried drilling mud. 

• Leachate at the Winder! site migrated beyond the 
500 foot study area. 

Under today's rules, the Winderl (X) and these other two locations 
(X) would require a closed mud system due to a high watertable and 
near surface sand and gravel deposits. 

Reserve Pit & Brine Pond Studies in ND 

4/8/2014 
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BRINE HOLDING PONDS 

WILEY FIELD 
Madison Pool 

I 
CUMULATIVE PRODUCTION (as oll /1/82) 

9,078,035 Barrels of oil 
18,063,255 Barrel o1 salt wat&f 

I 
Total Dissolved Solids (TDS) of brines in the Wylie 

Field range from 19,000 to 250,000 mg/1 (seawater 

30,000- 50,000). 

BRINE HOLDING PONDS 

Operated in North Dakota from 1951-1982. 

NDGS personnel began field investigating and 
condemning brine holding ponds in the 1960s. 

The exact number of brine ponds that existed from 
1951-1982 is unknown (est. 2,000-3,000) . 

Reserve Pit & Brine Pond Studies in ND 

4/8/2014 
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BRINE HOLDING PONDS 

Dimensions: 

45 x 60ft up to 90 x 180ft 

4 to 9 feet deep 

1) Unlined 

2) Clay liner 

3) Polyethylene liner 

WYLIE FIELD STUDY 
1984-1985 

NDSU Soil Science Department 

NDSU Chemistry and Geology Department 

NDSU Land Reclamation Research Center 

UND Geology Department 

ND Mining and Minerals Resources Research Institute 

North Dakota Geological Survey 

Doll, Wollenhaupt, Carter, Foss, Richardson, Prunty, Sweeney, 

Cudworth, Hoag, Kulla, McCarthy, Elless, Steinwand, Keller, 

Groenewold, Kehew, Bear, and Murphy. 

440 page report 

STRATION SWD #1 

Reserve Pit & Brine Pond Studies in ND 
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Ed Murphy 

Drilled in 1959 by Cardinal Petroleum (Edson Brown #1). Produced 
oil from 1959-1970. Converted to a saltwater disposal well by Phillips 
Petroleum in 1978 (Stratton SWD #1). 

The site contained two brine holding ponds from 1959 to at least 
1970 (with dimensions of 100 x 90ft and 60 x 100ft and 5 feet deep). 

well produced 178,000 barrels of saltwater. 

WYLIE FIELD STUDY 
1984-1985 

NDSU Chemistry and Geology Department 

NDSU Soil Science Department. 

Characterization of Detrimental Effects of Salts and Other 
Chemical Constituents Carried in Surface and Subsurface 
Water from Mine and Drilling Fluid Disposal Pits Buried 
During Oil Development 

Studied seven sites, Stratton SWD #1 is their Fl Site. 
48 shallow Giddings cores (10-15 feet deep). 

193 saturated paste extract 

80 XRD analyses. 

Reserve Pit & Brine Pond Studies in ND 
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WYLIE FIELD STUDY 
1984-1985 

NDSU Land Reclamation Research Center 
Eugene Doll, Nyle Wollenhaupt, Frank Carter 

Salt Movement in Buried Brine Disposal Pit Areas as 
Related to Chemical and Physical Properties of the Soil and 
Geologic Materials and to the Surrounding Landscape 

Studied two sites, Stratton SWD # 1 is their Fossum Site 1. 

Electromagnetic soil conductivity meter (EM-38) : 

58 stations, 116 readings. 

55 shallow Giddings cores (10-15 feet deep). 

630 saturated paste extract analyses. 

estimated 500 tons of NaCI in the top 10 feet of the 
Site. This works out to 22 tons per acre for this site. 

WYLIE FIELD STUDY 
1984-1985 

Soil Science Department, NDSU 
John Foss, Jimmy Richardson, Lyle Prunty, Mark Sweeney, 

Doug Cudworth, Brian Haag 

Identification of Salt-Seepage Areas from Oilfield Brine Pits 

Analyzed aerial photographs (existing and generated). 

Electromagnetic soil conductivity meter (EM-38). 

Reserve Pit & Brine Pond Studies in ND 

4/8/2014 
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NDSU SOILS DEPT 1984 STUDY 

Identified 121 old brine pond sites in Bottineau and 
Renville Counties. 

Estimated the area contaminated by old brine 
ponds at 1,450 acres (average of 12 acres per site). 

Interpreted aerial photographs from various years and scales. 

Reserve Pit & Brine Pond Studies in ND 
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NDSU SOILS DEPT 1984 STUDY 
Wylie Field 

Studied an area of 15 square miles in Wylie Field 
and identified 60 old brine pond locations. 

Interpreted aerial photographs from various years and 
scales. 

NDSU SOILS DEPT 1984 STUDY 

Wylie Field 

Mapped 23 of the 60 sites. 

Salt-impacted area ranged from 0 to 42 acres at 
each site. 

Average impact of 11.5 acres per site. 

Total impact of 266 acres. 

Electromagnetic soil conductivity meter (EM-38). 

Reserve Pit & Brine Pond Studies in ND 
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1 79- 7 )6 aaae 

t 11111:11111_"011 __ .. - ;;, _ 

Stratton SWD 
(Site 58) 

WYLIE FIELD STUDY 
1984-1985 

North Dakota Geological Survey 

UND Geology Department 

ND Mining and Minerals Resources Research Institute 
Gerry Groenewold, Alan Kehew, Willie Bea l, Ed Murphy 

Movement of Leachate From a Buried Oil and Gas Brine
Disposal Pand in the Wylie Field, Bottineau County, NO 

Studied only the Stratton SWD #1 
28 piezometers (down to 220 feet) , 8 lysimeters. 

60 water samples. 

36 resistivity stations (504 readings) . 

Reserve Pit & Brine Pond Studies in ND 
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Installing monitoring wells at t he Stratton SWD #1 in 1984. 

STRATTON SWD #1 
Chlorides mg/1 

Reserve Pit & Brine Pond Studies in ND 
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STRATTON SWD #1 

A high salt plume extends laterally around the site over 
an area of 250,000 ft2 (about 6 acres) . 

This plume extends to a depth of more than 80 feet 
(highest concentrations in top 40 feet) . 

Brine plume restricted to till and not impacting any 
useable water supply (ND Hea lth Dept concurred in 2006). 

Chloride levels at 160 feet (500 - 750 mg/1) appear to be 
coming from the underlying Fox Hills Formation. 

Stratton SWD #1 

Fox Hills 

CHLORIDE LEVELS IN THE FOX HILLS FORMATION 

"""' ec::::, Nu~•te-r ... -~ w•• 
Billings 47 43 29 
McKenzie 170 34 NA 
Mountrail 265 1 1 
Williams 491 7 4 
Ward NA 0 0 
Divide 1220 7 3 
Burke NA 0 0 
Renville 4351 7 1 
West Bottineau 1514 11 11 
McHenry 654 41 24 
East Bottineau 192 8 8 
Rolette 282 4 1 

Kimberly Fischer, NOSWC, 2014 

Reserve Pit & Brine Pond Studies in ND 
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Fox Hills Wells 

FOX HILLS WELLS 
AND 

OIL & GAS WELLS 

L> Stratton Site 

FOX HILLS WELLS 
AND 

SALTWATER 
DISPOSAL WELLS 

L> Stratton Site 

FOX HILLS WELLS 
AND 

··:.· WATER 

• •, ·. ·· .. · 

• 
• 

Fox Hills Wells 
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~~illsWellf 

INJECTION WELLS 

L> Stratton Site 
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RECOMMENDED REMEDIATION METHODS 
1985 

PUMPING WELLS 
Hydraulic conductiv ity of the till is too low to be effective. 

Expensive. 

IMPERMEABLE MEMBRANE 
Would minimize the spread of brine in the unsaturated zone. 

Bentonite. 

Would not be a long-term solution. 

MOUNDING/CAPPING THE SITE 
Would reduce the generation of brine leachate from overland flow. 
Bentonite and fill. 

Would not be a long-term solution. 

INFILTRATION GALLERY (Gravel-filled ditch) 

Wou ld minimize the spread of brine in the unsat urated zone. 

Would be a long-term solution . 

INFILTRATION GALLERY 

Erickson Central Tank Battery, Bottineau County 
19_?_ -- 1997 

Reserve Pit & Brine Pond Studies in ND 24 
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Erickson Central Tank Battery, Bottineau County 

ATIEMPTS TO CLEAN UP OLD BRINE 

PONDS IN THE WYLIE FIELD 
2006-2010 

Sites 
Stratton DOl (Stratton SWD #1) 
Bull BlR 
Wilms A DOl 
Haugen Bl 
Durn in A & DOl 

2006-2010 Wylie Field Study Sites 

Reserve Pit & Brine Pond Studies in ND 
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ATTEMPTS TO CLEAN UP OLD BRINE PONDS 
IN THE WYLIE FIELD 

2006-2010 

Soil Parameter Monitoring 
Sediment samples from 0-1 feet and 1-2 feet. 

Groundwater Monitoring 
Durnin Site 
Stratton Site 

Soil Amendment Application 

Three, 15ft deep monitoring well. 
Three, 15ft deep monitoring well. 

Gypsum, fertilizer, manure, straw application--lightly tilled . 

Water Application 
Three times per week at each site due to drought conditions. 

Geophysical Survey 
Conductivity and resistivity su rveys at the Durnin site. 

ATTEMPTS TO CLEAN UP OLD BRINE PONDS 
IN THE WYLIE FIELD 

2006 -2010 (50- 80% reduction) 

Stratton SWO #1 Site 
Chloride levels exhibited a decreasing trend in soils. 
Chloride levels did not decrease in groundwater. 

Area of surface scaring reduced from 14 acres to 3 acres. 

Chloride levels exhibited a decreasing trend in soils. 

Area of surface scaring reduced from 3.5 acres to 1 acre. 

Wilms Site 
Chloride levels exhibited a decreasing trend in soils. 

Area of surface scaring reduced from 1.5 acres to 0.5 acres. 

Haugen Site 
Chloride levels exhibited a decreasing trend in soils. 

Area of surface scaring reduced from 3.5 acres to 1. 75 acres. 

OLD BRINE POND SITE ~ 

Reserve Pit & Brine Pond Studies in ND 
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In the Future 
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DURNIN SITE 

El.ECll'IICAlAES!ST~,TY~SIA_fS. !>.1'5 
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REJECTED REMEDIATION METHODS 
IN THE WYLIE FIELD 

2006-2010 

REMOVE IMPACTED SEDIMENT 

Evaluated removing salt impacted sediment across six 
acres to a depth of four feet (38,000 cubic yards). 

Install a 30 mil plastic liner. 

Replace with clean fill. 

Risky due to likelihood that salt would find its way into the 
clean fill. 

REJECTED REMEDIATION METHODS 
IN THE WYLIE FIELD 

2006-2010 

DRAIN TILE SYSTEM 

Evaluated installing a drain tile system down to a depth of 
20 feet to dewater and flush the system. 

Potential for no viable disposal method. 

Believe the groundwater impacted area extends beyond 
site and would continue to migrate into this site into the 
future. 

Reserve Pit & Brine Pond Studies in ND 
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ADVANCES IN RESISTIVITY 

Taken at depth of interest with vertical electrodes. 

Surveys now use AC current verses DC current. 
Measure actual soil / ground water resistivity vs. »apparent» resistivity. 

Bulk soil measurements can be taken around an electrode, in planes 
between two electrodes. 

Advances in statistical computer modeling can further increase the 
resolution of the electric data for 2-D or 3-D display. 

Hell Creek Environmental Services 

ADVANCES IN DRAIN TILE 

AND IRRIGATION FLUID CHEMISTRY 

Agassiz Drain Tile 

INFILTRATION GALLERY 

Reserve Pit & Brine Pond Studies in NO 

4/8/2014 

29 



Troy Coons 

Northwest Landowners Association 

Energy and Natural Resources Committee 

Testimony for HB 1401 

January 28, 2021 
 
 
Good morning, Chairman Porter and members of the committee, thank you for taking my 
testimony into consideration today. 
 
My name is Troy Coons and I am the Chairman of the Northwest Landowners Association. 
Northwest Landowners Association represents over 560 farmers, ranchers, and property 
owners in North Dakota. Northwest Landowners Association is a nonprofit organization, and I 
am not a paid lobbyist. 
 
I am here to testify in support of HB 1401. We appreciate that this legislation ensures additional 
measures being taken to protect the groundwater; and in turn protecting the health of all 
citizens and livestock.  We have many members who have buried reserve pits on their property, 
and there is a lot of concern among landowners that these reserve pits will eventually leak.  We 
know that some of them are surrounded by liners, but those liners only have a certain lifetime 
before they begin to degrade. Many pits do not have liners at all.  It seems wise to start thinking 
of a way to monitor these pits to ensure that they do not contaminate our water or other 
natural resources when the special waste starts to migrate.  We hope to see a continued trend 
of legislation being put in place to protect the precious resources of North Dakota.  
  
 

Thank you for taking the time to consider our comments.  

 

Sincerely, 

 

Troy Coons, Chairman  

Northwest Landowners Association 
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Testimony 

House Bill 1401 

House Energy and Natural Resources Committee 

January 28th, 9:00 a.m. 

North Dakota Department of Environmental Quality 

 

Good morning Chairman Porter and members of the Energy and Natural 

Resources Committee. My name is Chuck Hyatt, and I am the Director of the 

Division of Waste Management of the North Dakota Department of 

Environmental Quality (DEQ). 

 

 I am here today to provide testimony in opposition to House Bill 1401, which 

amends the Ground Water Protection Degradation Prevention program, North 

Dakota Century Code Chapter 23.1-11. This program was developed to protect 

ground water resources, encourage the wise use of agricultural chemicals, and 

provide public education regarding the preservation of ground water resources. 

HB 1401 proposes to expand the program by establishing a monitoring program 

for legacy waste pits and other special waste.   

 

Historic oil and gas exploration left pits on oil well sites used to dispose of 

oilfield waste including, drilling fluids, cuttings and produced water. As I 

understand it, these “legacy” waste pits continue to be regulated under the 

North Dakota Industrial Commission Department of Minerals Resources’ 

authority. 

 

Special waste is a broad term that includes waste generated through oil and gas 

exploration and production, waste from mineral, ore, and coal mining 

operations, and waste generated from energy conversion facilities or power 

plants, including coal combustion residuals.  

 

House Bill 1401 seeks to establish a new program for the DEQ and others to 

implement. The DEQ has the following questions and concerns about this 

proposed program:  

 

First, this bill will modify an existing ground water protection program targeted 

at agricultural chemicals and includes references specific to agricultural 

chemical monitoring, such as the role of the NDSU Extension and the 

Department of Agriculture. Additionally, the bill’s language imposes 

requirements on the Agriculture Commissioner. It also neglects to acknowledge 

#3888
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the Department of Mineral Resources’ current efforts to address these legacy 

issues.  

 

Second, North Dakota has a robust permitting program for special waste 

disposal facilities. The DEQ’s coal combustion residuals special waste program 

has been in effect since the 1980s. The DEQ is currently seeking primacy to 

enforce federal coal combustion residuals rules at the state level. Oil and gas 

special waste landfills have comprehensive design, operations, and groundwater 

monitoring requirements spelled out in current administrative code. The DEQ 

has also implemented a groundwater monitoring program, known as our 

western ambient program, to evaluate shallow aquifers for potential 

contamination from oil activity. This program samples over 125 wells on a year 

and a half rotation. 

 

Third, the bill is unclear as to the amount of additional monitoring that would 

be required. Because of the potential extent of this bill’s requirements, we 

believe it will result in a significant fiscal impact to the DEQ. Understanding 

how much additional monitoring and the universe of special waste to be 

evaluated will allow for better quantification of this impact. 

 

Fourth, the term “legacy waste pits” is left undefined. Although it may be 

understood in the general sense outlined earlier, to clarify legislative intent, a 

clear definition of what types of features constitute a “legacy waste pit” would 

be useful and allow for the development of appropriate mitigation activities.  

 

Finally, this bill includes requirements for “other special waste” which is 

extensively broad and likely duplicative of existing legislation. As mentioned, 

the DEQ currently has the authority and extensive administrative code language 

for a permit program that requires groundwater monitoring at permitted special 

waste landfill facilities.  

 

In conclusion, we ask for clarification in roles and responsibilities and that 

necessary resources be funded should this bill pass. 

 

This concludes my testimony, and I am happy to answer any questions you may 

have regarding HB 1401. 

 



 
 
 
 
 
 
 
 
 

 

CO M M I S S I O N E R 
DO U G  G O E HR I N G 

 

NORTH DAKOTA 
DEPARTMENT OF AGRICULTURE 

STATE CAPITOL 
600 E. BOULEVARD AVE. – DEPT. 602 

BISMARCK, ND  58505-0020 
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HB 1401 Testimony  
Agriculture Commissioner Doug Goehring 

House Energy and Natural Resources Committee 
Coteau AB 

January 28, 2021 
 

 
 
Chairman Porter and members of the committee, I am Agriculture Commissioner Doug Goehring.  I’m here today to 
provide neutral testimony on HB 1401 and to answer any questions the committee would have regarding my 
responsibilities proposed in this bill.   
 
HB 1401 proposes adding a requirement under chapter 23.1-11-06 of the North Dakota Century Code that mandates 
the Department of Environmental Quality establish standards for “special waste” and that we would be responsible 
for implementing mitigation measures to prevent future contamination of ground water from “special waste.” 
 
I understand that these “special waste” sites around the state can and sometimes do have an impact on agriculture 
and why some would want the Agriculture Commissioner to oversee the development and implementation of 
mitigation measures so that agriculture is adequately represented.  I also serve on the North Dakota Industrial 
Commission and have oil and gas under my portfolio as well so I guess it makes sense to add me as most “special 
waste” being generated in the state is a product of oil and gas production.  If the legislature sees fit to assign me with 
this task, I would be happy to work with DEQ on its development and implementation. 
 
However, I do have some concerns I would like to point out to the committee for consideration.  I believe the 
Department of Environmental Quality currently monitors “special waste” pits and already has authority over 
mitigation of these sites.  As I stated we would be happy to work with DEQ on development of future mitigation 
measures to ensure agriculture is represented, but we would have to rely heavily on their expertise for its creation as 
I do not have anyone in my Department that has specific knowledge of “special waste”. 
 
Chapter 23.1-11-06 lays out the requirements for DEQ’s ground water quality monitoring program.  While they may 
monitor for pesticides, this is their program and is separate from our pesticide water quality program.  They are 
solely responsible for implementation of this program and are not even required to share their results with us.  Under 
this section they are also the entity required to implement mitigation activities or remedial action and I’m only 
referenced in this statute to allow authority to implement rules pursuant to chapter 4.1-33 of our pesticide law if 
necessary, to prevent future contamination of groundwater.  The language as currently written in HB 1401 
essentially would require me to develop mandatory requirements for another agencies program that we have no 
affiliation with.  There may be cleaner ways to achieve the same goal intentioned in this bill than the way it is 
currently written. 
 
Chairman Porter and members of the committee, I’m willing to assist in whatever manner you deem necessary, and I 
only ask that you take my concerns into consideration when deliberating this proposed legislation.  Thank you for 
the opportunity to comment on this bill.  I’d be happy to answer any questions you may have. 
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2021 HOUSE STANDING COMMITTEE MINUTES 

Energy and Natural Resources Committee 
Coteau AB Room, State Capitol 

HB 1401     PM 
1/28/2021 

Relating to monitoring and regulation of special waste in ground water and to provide a 
penalty 

3:45 PM 
Present: Representatives Porter, Damschen, Anderson, Bosch, Devlin, Heinert, Keiser, 
Lefor, Marschall, Roers Jones, Guggisburg, M Ruby, and Zubke. Absent: Rep Ista 

Lynn Helms came at the request of the Chairman to answer questions. 

Discussion Topics: 
• Brine ponds
• Legacy wells
• 60’s and 70’s technology use
• Located sites
• Problem sites
• Owner responsibility sites
• Cost to eliminate sites
• State constitutional obligation to protect 

state

Closed the hearing at 4:08 PM. 

Kathleen Davis, Committee Clerk 



2021 HOUSE STANDING COMMITTEE MINUTES 

Energy and Natural Resources Committee 
Coteau AB Room, State Capitol 

HB 1401 
2/4/2021 

 
Relating to monitoring and regulation of special waste in ground water and to provide a 
penalty 

 
 
8:30 AM 
 
Vice Chair Damschen opened the hearing. 
Present: Representatives Porter, Damschen, Anderson, Devlin, Heinert, Keiser, Marschall, Roers 
Jones, M Ruby, Zubke, Guggisberg, and Ista.   Absent: Representatives Bosch and Lefor. 
 
 
Discussion Topics: 

• Problem legacy brine pits 
• Background 
• 2020 Update 
• Budget 

 
 
#5402 Lynn Helms, Oil and Gas Division 
 
9:02 AM hearing closed. 
 
 
 
Kathleen Davis, Committee Clerk 
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NDSU SOILS DEPT 1984 STUDY

Identified 121 old brine pond sites in Bottineau and 
Renville Counties.

Estimated the area contaminated by old brine 
ponds at 1,450 acres  (average of 12 acres per site).

Interpreted aerial photographs from various years and scales.





Stratton SWD #1 site (Edson Brown #1)

Drilled in 1959 by Cardinal Petroleum  (Edson Brown #1).
Produced oil from 1959-1970.
Converted to a saltwater disposal well by Phillips Petroleum in 1978  
(Stratton SWD #1).
The site contained two brine holding ponds from 1959 to at least 1970
(5 feet deep and 100 x 90 ft & 60 x 100 ft = 0.7 acres).
Produced 178,000 barrels of saltwater.

1961

1984



2005

A high salinity plume extends laterally around the site over an area of about 3 acres.

Plume restricted to till and not impacting any useable water supply (ND Health Dept. concurred in 2006).

High chloride levels at 160 feet (500 - 750 mg/l) appear to be coming from the underlying Fox Hills Formation (hydraulic heads).



LEGACY BRINE PIT PROJECT

Wednesday, March 15, 2017

Presentation to the North Dakota Industrial Commission

Bismarck, North Dakota

Bethany Kurz

Principal Hydrogeologist

Energy & Environmental Research Center

© 2017 University of North Dakota Energy & Environmental Research Center.



BACKGROUND

• Project goal

– Apply a best practice, a common 

practice, and a novel remediation 

approach to a “representative” legacy 

brine pit site to assess the efficacy and 

cost of each.

• Project team

– Energy & Environmental Research 

Center

– Habitat Management, Inc.

– Dakota Technologies, Inc.



SITE LOCATIONS

Initial Site Location

$450,000



ORIGINAL PROJECT OBJECTIVES

• Site characterization to determine areal and vertical extent of brine contamination

• Site remediation system design (drain tile, sumps, wells, irrigation, deep hydraulic 

delivery)

• Site preparation

• Extensive site irrigation at the best practice site area 

• Hydraulic delivery of amendments at the novel technique site area

• Periodic, regular soil sampling until threshold levels are met



SITE #2: STRATTON SWD

NDIC File No. 2318

48.739°N 101.216°W

Spud Date: 05/07/1959

B

B’



Stratton SWD Site

B B’
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KEY CONCLUSIONS

• Salt-impacted zones extend well beyond the original pit area and may be increasing 

in size.

– Contaminant migration is exacerbated by the shallow water table in the Prairie 

Pothole Region.  

• Soil remediation (soil amendments/irrigation) coupled with drain tile may be a 

mechanism to remediate the near-surface soils (0–6 feet), but costs are highly 

dependent on availability of freshwater supplies for irrigation as well as disposal 

options for the drain tile effluent. 

• Given the low-permeability of the soils, in situ treatment of the deeper zones will 

likely be challenging, and excavation of the contaminated soils is very expensive.



Reclamation Options for Legacy Brine Waste Pits 
in North-central North Dakota: 

Effects of remediation techniques on grass species

Drs. Ryan Limb, Kevin Sedivec, Aaron 
Daigh, and Tom DeSutter

School of Natural Resource Sciences
North Dakota State University 

Funded by Abandoned Oil and Gas Well Reclamation Fund 405-448-15



NDSU Field Studies – 2016



Survivability of Grass Plugs and Seedlings on 
Legacy Brine Spills using Amendments 

Amendments
Compost
Gypsum
Combination of Compost 

and Gypsum
 Ferric hexacyanoferrate

(C18F7N18) crystallization 
inhibitor 

Control

Plugs and Seed 
Survival

 Plugs planted in August
 Seeds planted in 

October (dormant 
seeding)
 Western wheatgrass 

 Inland saltgrass

 Alkali sacaton



North of Glenburn, ND in Bottineau 
County(T157N, R82W, NW1/4 Section 36)

N



Leaching Column Results

 No difference between amendment types (commercial 
vs gypsum)

 There was a more than one magnitude reduction in EC 
(78.4 to 4.67 dS m-1) for all treatments after trial 
termination.
Based on these findings, we CAN MOVE water and 

salt down the soil profile



Findings to Date
$435,759

 Ferric hexacyanoferrate (C18F7N18) crystallization inhibitor DID 
NOT work on legacy sites

 Nuttall alkaligrass, alkali sacaton, inland saltgrass were superior 
grass species to plant on brine impacted soils 
Western wheatgrass worked successfully on soils with EC levels < 20 dS m-1



North Central Area

216 potential sites

166 sites in aerial photos (Golder)

52 no visual impacts (Golder)

114 impacted sites (Golder)

9 settlements identified (Barr)

105 potential remediation sites

100 square feet - 5.75 acres$83,159 $35,698



Brine Pond Remediation Techniques
Project No. 405.2-17-010

$429,120 



Drone Aerial Photography

Site B21-13 South of Site Looking North Prior to Field Work

A high salinity plume extends laterally around the site over an area of 250,000 ft2 (about 6 acres).

Plume extends to a depth of over 80 feet (highest concentrations in top 40 feet).

Plume restricted to till and not impacting any useable water supply (ND Health Dept. concurred in 2006).

High chloride levels at 160 feet (500 - 750 mg/l) appear to be coming from the underlying Fox Hills Formation (hydraulic heads).

2017



1985

Stratton SWD #1  (Fossum Site 1)

A high salinity plume extends laterally around the site over an area of 250,000 ft2 

(about 6 acres).

Plume extends to a depth of over 80 feet (highest concentrations in top 40 feet).

Plume restricted to till and not impacting any useable water supply (ND Health Dept. 

concurred in 2006).

High chloride levels at 160 feet (500 - 750 mg/l) appear to be coming from the 

underlying Fox Hills Formation (hydraulic heads).



PRC-1

5A

5B
PRC-2 3A PRC-3 3B

1B

1A 4
2A

2B

Tested 9 different techniques 2017-2018

$655,396
3B performed best



Test Plot 3B – Amended Soil with Water 
Flooding

3B Diagram
Test 3B on a typical 1-2 acre site in 2020
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2020$342,602
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Budget  with Brine Pond Remediation
Fiscal Year Wells Well Plug & Reclaim Illegal Dumping Legacy Sites Brine Ponds Total Fund Balance

2007 4,603 $231,911 $7,500,000 Revenue/year

2008 5,483 $26,750

2009 5,547 $141,089

2010 6,409 $0

2011 7,746 $142,729

2012 9,760 $87,026

2013 11,945 $0 $283,389

2014 14,377 $0 $1,387,223

2015 15,853 $49,749 $127,058 $102,201 $279,008 $11,500,000

2016 16,513 $1,800,000 $19,407 $1,200,000 $450,000 $3,469,407 $14,030,593

2017 17,527 $82,075 $6,665 $340,716 $435,759 $865,215 $15,190,378

2018 18,749 $87,794 $187,577 $1,694,700 $429,120 $2,399,191 $14,791,187

2019 19,999 $93,648 $124,819 $1,694,700 $118,857 $2,032,024 $22,139,680 0

2020 20,380 $73,502 $124,819 $1,335,413 $261,501 $4,256,530 $25,654,211 1

2021 21,276 $10,000,000 $124,819 $1,000,000 $81,101 $13,944,626 $16,517,736 0

2022 22,172 $2,500,000 $124,819 $500,000 $1,000,000 $4,124,819 $19,892,917 13

2023 23,068 $3,500,000 $124,819 $500,000 $1,000,000 $5,124,819 $22,268,098 13

2024 24,348 $3,500,000 $124,819 $500,000 $1,000,000 $5,124,819 $24,643,278 13

2025 25,628 $1,000,000 $124,819 $1,694,700 $2,305,300 $5,124,819 $27,018,459 31

2026 26,908 $750,000 $124,819 $1,694,700 $2,555,300 $5,124,819 $29,393,640 34

Total $24,066,274 $3,009,874 $12,257,130 $9,636,938 $59,370,098 $243,040,177 105

$1,695,237

$7,941,701





2. Resources Attached With the Public Trust

Historically, the public trust has attached to such resources as tidelands, lands beneath lakes, land beneath a state's navigable 

waters, water in whatever form, and parklands.

Purposes protected by the Public Trust Doctrine include navigation, fishing, and hunting.

North Dakota has developed a trust concept in relation to an easement held for the public in the congressional section lines of the 

state for transportation purposes.  North Dakota is not alone in applying the trust to these easements.

Water appears to be the resource most affected by Public Trust Doctrine.

The idea of the navigable stream beds being held in trust is consonant with the public's right to travel upon the 

waters. Riparian landowners and appropriators do not own the streams from which they receive their water but 

merely have a usufructuary right.

61-01-01. Waters of the state - Public waters. All waters within the limits of the state from the following sources of 

water supply belong to the public and are subject to appropriation for beneficial use and the right to the use of these 

waters for such use must be acquired pursuant to chapter 61-04:

1. Waters on the surface of the earth, excluding diffused surface waters but including surface waters whether 

flowing in well-defined channels or flowing through lakes, ponds, or marshes which constitute integral parts of a 

stream system, or waters in lakes;

2. Waters under the surface of the earth whether such waters flow in defined subterranean channels or are diffused 

percolating underground water;

3. All residual waters resulting from beneficial use, and all waters artificially drained; and

4. All waters, excluding privately owned waters, in areas determined by the state engineer to be noncontributing 

drainage areas. A noncontributing drainage area is any area that does not contribute natural flowing surface water to a 

natural stream or watercourse at an average frequency more often than once in three years over the latest thirty-year 

period.



IV. CONCLUSION

The common law Public Trust Doctrine is not and should not be

a substitute for careful planning by legislative and administrative

officials charged with co'ordinating allocation and disposition of the

publicly owned resources of North Dakota. Beneficial industrial development

planning requires a much higher degree of social responsibility

than is presently required by the minimal safeguards provided

by the Public Trust Doctrine.

What the Public Trust Doctrine does provide for the citizens of

North Dakota is a judicially developed safeguard with procedural

and substantive limitations applied to dispositions of resources which

are allocated by the public to the private sector. The Public Trust

Doctrine accomplishes this by providing standing in the courts for

concerned citizens who wish to challenge an allocation of resources

that they feel is not in the public interest. The Public Trust Doctrine

serves the interests of the public when a governmental body which

is required to represent the public ignores or reacts arbitrarily with

regard to the terms of the trusteeship with which the public has been

vested with property rights. As a short term concept it can and will

provide a minimum standard for review of governmental action but

is no substitute for careful, detailed planning and mandatory legislative

guidelines for wise energy related development.
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2021 HOUSE STANDING COMMITTEE MINUTES 

Energy and Natural Resources Committee 
Coteau AB Room, State Capitol 

HB 1401 
2/5/2021 

Relating to monitoring and regulation of special waste in ground water and to provide a 
penalty 

9:00 AM 

Present: Representatives Porter, Damschen, Anderson, Bosch, Devlin, Heinert, Keiser, 
Marschall, Roers Jones, M Ruby, Zubke, and Ista.    Absent: Representatives Lefor and 
Guggisberg 

Rep D. Anderson moved a Do Not Pass, seconded by Rep Roers Jones. 
Representatives Vote 

Representative Todd Porter Y 
Representative Chuck Damschen Y 
Representative Dick Anderson Y 
Representative Glenn Bosch Y 
Representative Bill Devlin Y 
Representative Ron Guggisberg AB 
Representative Pat D. Heinert Y 
Representative Zachary Ista N 
Representative George Keiser Y 
Representative Mike Lefor AB 
Representative Andrew Marschall Y 
Representative Shannon Roers Jones Y 
Representative Matthew Ruby Y 
Representative Denton Zubke Y 

Motion carried.   11 – 1 - 2    Rep D Anderson is carrier.

9:05 am 

Kathleen Davis, Committee Clerk 



Com Standing Committee Report Module ID: h_stcomrep_11_029
February 5, 2021 9:43AM  Carrier: D. Anderson 

REPORT OF STANDING COMMITTEE
HB  1401:  Energy  and  Natural  Resources  Committee  (Rep.  Porter,  Chairman) 

recommends DO NOT PASS (11 YEAS, 1 NAY, 2 ABSENT AND NOT VOTING). HB 
1401 was placed on the Eleventh order on the calendar. 
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